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The  purpoa©  of  this  investigation  i%'as  to  stixdy  the  deflection 
patterns  of  uniform  thickness  Z^i-ST  alunixoua  alloy  sectors  fixed  on  one 
radius  and  subjected  to  transverse  loads. 

This  investigation  consisted  of  obtaining  deflection  data  in  the 
form  of  influence  coefficients  for  cantilever  sectors  of  opening  angles 
varying  from  0  to  180  degrees. 

The  deflection  data  is  presented  in  a  fom  that  requires  only 
a  laatrlx  nultipli cation  to  obtain  the  deflection  pattern  of  any  sec- 
tor of  the  sane  naterial  constants  and  dimensions  as  those  used  in 
this  investigation.  For  sectors  of  different  material  constants 
and  dimensiox^  the  deflection  pattern  nay  be  obtained  by  interpola- 
tion of  the  data  presented  in  this  investigation  and  use  of  elementary 
elastic  relationships. 

The  comparison  of  the  experimental  and  analytical  solution  of 
the  deflection  j>attem  of  a  k$   degree  sector  subjected  to  a  shear 
loading  and  radial  noraents  along  the  curved  boundary  showed  satisfac- 
tory agreenent. 

This  investigation  was  carried  out  at  the  Gugj^nhein  Aeronautical 
Laboratory,  California  Institute  of  Technology,  Pasadena,  California 
(referred  to  hereafter  as  GALCIT). 
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The  purpose  of  thisj  investigation  ims  to  study  the  den.ection 
of  tmifora  thicl-ness  esctors  fixed  on  one  radius  and  sub.lected  to 
tranrerss  loadings.     All  specimens  used  in  this  investigation  v/ere  2i^ST 
aluninun  alloy.     ?he  stresses  due  to  ftll  loadings  were  "below  the  pro- 
portional lirait  of  the  naterial. 

The  experimental  v7ork  was  divided  into  tno  x^iasesi 

rhftg,e  3..     Deflection  surveys  of  a  faraily  of  sectors  of  varying 

openlnf^  a^^les. 

All  sectors  vere  of  identical  thickness  and  radius. 
The  deflection  data  ohtained  in  this  phase  were  con- 
verted into  influence  coefficients  that  are  presented  in  taatrix 
fom  in  the  tahles  of  this  report. 

Phase  2.     Deflection  survey  of  a  ^5  degree  sector  subjected  to 
a  particular  "boundary  loading. 

The  purpose  of  this  phase  was  to  obtain  results  that 
could  "be  conpared  with  an  analytical  solution.  (See  Reference  1), 

A  prelitainary  investigation  of  the  effect  of  plate 
thickness  on  the  deflection  pattera  of  the  specimens  v/as  inclu- 
ded in  tMs  phase. 

The  testing  ecjoipciont  './as  designed  and  constructed  "by  the  author 
in  collaboration  with  Joseph  Garrett,  The  "basic  facilities  of  the 
GALCIT  structures  laboratory  were  used  to  advantage  in  the  constructicto 


of  the  tMting  etiulpment. 

Cosfiidera'blo  tloe  \«as  spent  la  th«  developfnent  of  pxt>cedares 
and  technlquee  which  Tfould  peralt  the  Investi^tlon  to  proceed  more 
rapidly  yet  yield  accurate  Information  on  the  deflection  patterns 
of  cantilever  sectors. 


-> 


II  ^uip^^grr 

^JjaiJSuiL*  '^^'^   original  ttat  speclraon  vwis  19.9^  Inchea  in  radiua 
with  an  arsmgft  thioknesa  of  O.25I  Inchaa  and  an  opening;  an^le  of  180 
degreoa,  Te«t  spociraena  with  openine  angles  of  135 •  90 »  75 •  60|  ^5» 
and  50  degreoa  were  obtained  'ty  proeroasiroly  cutting  back  the  original 
apeoinexu  Tlgore  1  shovs  the  plan  fom  of  the  original  apeoimen  and 
the  extenaion  that  was  used  to  supx^ort  the  speeimsn  in  the  testing 
equipnent. 

Two  inch  by  15  degree  polar  grids  were  scribed  on  each  aid*  of 
the  original  test  specinen  after  it  had  been  painted  with  a  light  coat 
of  "Dyfcejn  blue". 

phase  2.  The  teat  speclaen  for  this  phase  was  25  indies  in 
radius  with  an  aveintge  thidcness  of  0.125  inchea  and  an  opening  angle 
of  ^  degrees.  Badial  saw  cats  made  between  the  25  inch  rsidius  and 
a  20  inch  radiixa  gave  the  speeiiaen  an  "effective"  radius  of  20  inches. 
The  saw  oats  were  oade  at  1  iz»oh  intervals  of  arc  along  the  "effective" 
oir conference.  The  strips  formed  by  these  saw  cuts  were  used  to  apply 
radial  EKnnents  along  the  "effective"  cirounferenoe.  Slgore  2  shows 
the  plan  fona  of  the  Phase  2  teat  apecinen* 

The  testing  equipraent  was  constructed  using  an  existing  heavy 
steel  fraiae  as  a  base.  Two  2-1/2  x  ^  x  3/^  inch  angle  aeetiens 
approadnately  h"}   inches  long  were  leveled  and  secured  to  the  exia- 
tiivs  base  frane.  The  upper  horiaontal  surface  of  the  angle  irons 
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had  been  i3&chine<3i  to  provide  a  lerel  avxtaof  tor  th«  hold-do^m 
plates.  Two  3tr«98  relicvod  and  maOhlnod  1  x  29  2  19*1/2  iadh 
hold-do-am  plat«3  Mf&TB   secRirod  to  the  ensl©  irons  by  12  steel  >)olt«» 
The  specinen  was  insortod  "between  the  hold-^lown  plates  and  »hlag  1/32 
iach  thinner  than  tho  epeciaon  v«ro  used  to  prsysnt  axcesaitra  ""bowinff" 
of  the  hold-down  plates.  Since  hold-down  "bolts  could  not  be  used  near 
the  line  of  fixity  of  the  spaciEWMa,  three  scrmr  Jacks  were  oraployed 
to  increase  the  degree  of  fixity  in  this  area.  Figaro  3  shows  the 
arrangecient  used  to  secure  the  speeimeo. 

The  loadi£ig  arrangeuent  permitted  the  applioation  of  point^ 
loads  from  above  to  any  point  on  the  specimen  by  the  use  of  a  loading 
pin  to  which  weights  oould  be  attached*  Th&  peint  of  the  loading  pin 
was  ground  to  as  snail  a  radius  ae  possible  without  its  causing  daaa^ 
to  the  specisien  during  loading* 

The  Qovesent  of  the  loading  pin  to  tho  Tarious  grid  points  uns 
accooplished  in  tho  following  taanxteri 

(a)  The  loading  pin  was  raised  froa  contact  with  the  specinen 
by  a  four  foot  lerer  azn  that  had  a  fulox^oa  above  the  sector 
center. 

(b)  The  lever  arm  was  free  to  rotate  a"bout  the  sector  center 
throu^^iout  the  req:aired  180  degrees  cazrrying  the  leading  pin 
with  it. 

(c)  Badial  motion  of  the  loading  pin  was  acconplished  by  means 
of  rollers  on  the  ^niidino  aechaniea.  These  rollers  acted  on  the 
lever  ans  and  could  bo  locked  at  any  radial  positiozu 
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(d)  The  loading  pin  guiding  mechanism  was  bo  arranged  that 

whsn  the  load  vat  positioned  on  the  speoinm  neither  the 

goiding  nechanism  nor  the  lever  am  supported  any  of  the  load. 

For  farther  infomation  on  the  loading  see  the  enclosed 
figures. 

A  deflection  tahle  vba  positioned  parallel  and  9-"l/2  int^es 
helow  the  lower  surface  of  the  test  speoinen.  This  deflection  table 
ooneistod  of  an  ordinary  office  tahle  that  x^as  secured  to  the  testing 
fraae  hy  neans  of  "o"  claiaps.  A  30  x  60  inch  smooth  surface  top 
was  constructed  fron  l/^  inch  nasonlte  glued  to  1  inch  plyvood.  \ifhen 
rigidly  olaxaped  to  the  office  table  this  top  provided  a  saooth, 
steady  platfom  from  vhich  the  deflections  of  the  test  speeioen  could 
be  naasured. 

A  deflection  gauge  ^aa  constructed  by  sounting  a  dial  gauge  of  1 
inch  travel  reading  to  .001  of  an  int^  on  a  steel  base.  The  laain 
spring  of  the  dial  gauge  was  raooved  and  a  uniforra  dial  gauge  fore© 
vaa  obtained  by  gravity  action  on  a  horizontal  8  inch  aluoiiiaci  bar 
supported  at  an  off->center  pivot.  The  overall  hei^t  of  the  dial 
gauge  vas  raade  adjustable  by  the  addition  of  precision  ground  bas© 
blooka. 

figure  ^■  illustrates  the  operation  of  the  deflection  gauge. 


I"  lEflTIAl  OALIBaAJIOH  AMD  PRSLIMIHAHT  TESTim 

In  order  to  determine  the  nost  effective  exnerinental  techniques 
a  series  of  preliiainary  tests  ver©  conducted  on  a  ,075  inc^  ?-^ST  alvxii- 
Tom  apecioen  of  20  inch  radius.  As  a  result  of  these  tests  it  was  found 
that  the  specimen  should  be  gravity  loaded  froa  above  and.  the  deflections 
moasTired  fron  "below. 

The  followlBg  general  requirenents  were  set  forthj 

(a)  The  aaenitude  of  the  loads  ntist  be  larj^^e  enouf^  to  give  a 
nazlraum  deflection  of  about  1  Inch  providing  that  permanent  "set" 
of  the  specimen  does  not  occur. 

(b)  Sector  angles  between  0  and  180  degrees  should  be  investl- 
^ted* 

(c)  The  deflection  data  obtained  nust  be  of  such  a  nature  that 
deflection  patterns  of  the  test  specimen  due  to  any  transverse 
loading  can  be  deterained. 

The  general  requirements  indicated  tliat  the  superposition  of  the 
deflections  due  to  point  loads  and  the  use  of  ?mxwell's  Reciprocal 
Theorem  would  give  the  desired  general  deflects  on  infomation  vith  a 
niniduin  anount  of  data  required. 

The  preliminary  tests  utilized  a  standard  spring-loaded  dial  gauge. 
The  results  obtained  did  iwt  satisfy  Max^'ell's  Reciprocal  Theorem.  The 
following  were  considered  as  possible  causes  for  the  discrepancy. 

(a)  The  fixity  of  the  specinen  in  the  testing  equipnent. 

(b)  Linear  variation  in  the  deflection  gauge  force  on  the  speci- 
men because  of  the  laain  spring  of  the  dial  gaiige. 
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By  replacing  the  main  spring  of  the  dial  &axg9  vith  a  lerer  systoo 
that  produced  a  unifom  deflection  gauge  force  throughout  Its  range  of 
trarelt  the  restilts  satisfied  Maxwell* s  Reciprocal  Theorem. 

It  was  fcnuui  that  the  nost  occux^te  results  were  o'btalned  by  leaving 
the  deflection  gauge  under  a  given  point  ^^dle  the  load  was  moved  fron 
polat  to  point.  This  procedure  nade  it  possible  to  check  the  "tare" 
reading  each  time  the  load  was  oovedt  and  therefore  read  the  deflections 
directly. 
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The  160  de^ee  sector  was  the  laltial  test  axoecincn.     The  apocinen 
vas  sofForad  ia  the  toating  ©siiiipiaont  and  randoa  deflootlon  r^adinga  were 
tohen  to  lasura  th&t  the  dafea  \«mld  aatlsiy  Mazwell'a  Beciprocal  Theoracu 
yifty-thrao  grid  stations  were  eoloctod  as  toet  points,     1!lv&  dfifloctlon 
gcsuge  was  placed  midor  a  tost  point  and  the  dial  ladioator  eot  on  zero 
with  no  load  applied,     Wsi^^ts  had  hoeax  attGChed  to  tha  loading  pin  until 
the  total  vei^t  of  the  loading  pins  and  waists  was  50  povmds.     She  50 
pound  load  was  moved  to  all  tost  points.     Deflection  raadln^sa  were  raulti- 
plied  "by  20  and  recorded  on  the.  data  sheets ,     ^o  xronljers  recorded  there- 
fore rapresonted  inches  defloctlon  por  ICOO  pounds,     Thesa  recorded  nnnhers 
are  hereafter  raf erred  to  as  influonce  eoofficionts  and  designated  **e,  ."• 

Mar^roll's  Reciprocal  Thaoroa  states  that  g      Is  ©aual  to  g     .     This 

ij  Ji 

ineane  that  the  defleotion  at  a  point  ''i"  doe  to  a  load  at  a  point  *'J"  is 
eijofll  to  the  deflection  at  point  "J"  due  to  the  sane  lead  at  "i",  Aprjlying 
this  principle  to  the  problem  at  hand  pemits  a  point  to  be  disregarded 
as  a  loading  point  once  the  deflection  ^oi^e  has  been  positioned  under  it 
and  all  deflection  data  recorded, 

The  deflection  data  obtained  are  presented  as  oatrices  of  Influence 
Coefficients  in  Tables  1  thrcragh  ?• 

Contour  lines  drawn  on  the  data  sheets  prertded  a  rou^  check  on  the 
deflection  data. 

After  a  complete  check  of  the  deflection  data  for  the  180  degree 
sector i  the  speclnen  \«bs  renioved,  cut  back  to  135  degrees,  and  the  abore 
testing  procedure  was  repeated* 
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Sinll&r  experloental  procadore  va,»   folloved  in  the  deflection 
eurroys  on  the  $0,   75 1  60*  k5,   and  30  degree  sectore.  The  teet  polnte 
used  for  each  specimen  are  Indloated  in  Tables  1  throat  ?• 

The  laethod  of  neasurlng  deflections  In  this  x>hase  ^«as  the  sane  as 
Phase  !• 

The  epeoiaen  was  loaded  id.th  a  specific  distrilmted  houzidarj  loadlni^ 
of  -^.9  inc±i  poinds  radial  >a<»aent  per  inch  and  -10 .4  pounds  shear  pev 
inch  along  the  "effeotlYe  olrcomferenoe".  This  vrae  accooplished  by  placing 
a  10*^  pound  load  ^.8  Ixiches  frocs  the  root  of  each  of  the  radial  strips. 

InfluezKse  coefflcieztts  for  shear  alone  vrere  obtained  by  placing  a  10 
pofund  concentrated  load  at  the  root  of  each  radial  strip* 

The  influence  coefficients  for  the  radial  aoment  alone  vere  calcu- 
lated froa  the  data  by  the  siethod  shovn  in  the  Apx>endix  to  this  report* 
Tables  8a  and  8b  give  the  influence  coefficients  for  this  phase* 

A  prelininary  investigation  of  the  relatiTe  stiffness  of  the  1/4 
and  1/6  inch  plates  used  in  the  tvo  phases  ^^s  made  by  comparing  the  ele* 
stents  of  correspox^ng  oatrices  of  influence  coefficients  for  5  points  on 
the  free  boundary.  Table  9  shovs  a  coaparison  of  the  stiffness  of  the  tvo 
plates. 
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The  deflection  pattern  of  a  clrcsular  sector  dae  to  a  dlBtrlbated 
loading  oan  "be  coiapated  by  usl^  the  Influence  coefficients  presented  In 
this  Inrestlsation  If  an  area  coefficient  It  associated  with  each  of  the 
loading  x>olnts  Indicated  In  the  laatrloee  of  Influence  coefficients. 

The  area  coefficients  mxst  satisfy  the  following  requirements! 

(1)  P^  «  a.q-  Where  *<i*  is  the  Intensity  of  the 

dtctrlbnted  loading  at  the  load  point 
"J",  and  "a."  Is  the  area  coefficient 

for  the  point  "J", 
n 

(2)  W|^  a  21  »4<l('»*)€-.    V/here  q.(r»ft)  Is  determined  from  (1). 
.     J.1  ^      *•' 

n 
m  J!  ^i^ii  ^°'  ^^  deflection  points  *1" 

As  indicated  "by  the  synsaetrioal  matrices  in  Tables  1  throoi^  7« 
theare  are  the  sane  niaiaber  of  deflection  joints,  "1*,  as  there  are  loading 
points*  "J", 

To  meet  the  above  requirements  the  area*  "a."  depends  oxu  The 
relative  geometric  position  of  the  load  point  *J"  to  the  other  load  points 
and  the  plate  boundarlest  the  load  dlstrlbntion  as  defined  by  CL(r,^)»  and 
the  deflection  node  near  the  deflection  point  "i"*  This  means  that  "aj" 
cannot  be  nnlauely  defined  for  all  values  of  load  distribution  and  still 
satlsfy^  the  above  requlrementSt  bat  for  a  United  class  of  load  distribu- 
tions a  uniqtie  "a"  can  be  assigned  each  load  point  that  will  satisfy  the 
requirements  to  an  acceptable  degree  of  aocoxa^. 
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The  load  dlstrllmtlon  hat  snaill  "mrlationfl  orer  area  "a  *•  and  as 
a  first  approxlnation  &  linear  Tariution  of  Influence  coefficients  uras 
u«ed. 

The  non  aymetrieal  distri'batlon  of  load  points  in  Phaie  1  of  tMs 
oacperinont  raade  it  iirTpossl"blo  to  establish  a  general  •<|aation  for  the 
determination  of  all  area  coefficients.     The  following  is  an  esanple  of 
the  isethod  used  to  assign  Talues  of  "a  "  to  each  load  point: 


k. 


,..e 


0  ^ 


rrrrrjrmTrrrnrrrTnTTTTTrmrTrrjTTTrrvrTTTTTmr^  q 


0  -  Load  points 

(1) 

Tne   art»  A    is  bounded  by  or 

contains  the  load  points  a*  b|  g« 

(1) 

ft  k»  and  e.  The  area  A^   \*a« 

1 
distributed  to  these  load  points  in 

the  following  laannert 

Ai   to  a,  b,  g,  and  f , 

it^   to  e. 
2 

OA^^^  to  k. 


The  assignment  of  a  zero  value  of  ar^  to  "k"  vas  oade  because  of  its  lack 
of  syiametry  in  the  pattern  of  the  points.     This  does  not  elioinate  point 
"k"  as  a  deflection  point. 

The  assigaaent  of  the  Talue  A£       is  ^stified  by  exaraining  the  l^A 
point  "g"  which  would  be  assigned  one  ei^th  of  the  value  of  each  of  the 
adjacent  areas.     The  t3rpical  area  coefficients  arei 
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^4         8   8 
Por  the  area  c,  h,i,  c»  './hero  c»  is  not  a  loadine  point,  th©  area 

A     '^  is  first  dlstritjutod  sqjially  to  the  ^5-  corner  points,  and  then  the 

area  a     is  redlatriljuted  to  point  "c"  and  tho  point  "o"  inversely  as  the 

dist&i^o  to  those  points. 

The  deflection  of  apy  point  baconeai 

Where  the  laat  tern  vuaishos  since  g,     s  o 

lo 

Lot  wj  r  a«gq^^^       a^i^ciSie*  <  '^1 

If  g. .  "varies  Hnearljr  sad  4  »  «  <lg  ■  <U 

Then  w^  s  a'^c^gj^^  t  a^,(i^,|  g^^  ,  a^q^g^^ 

And  a'  '  2a^,  3  a^  where  the  area  a*  would  be  the  area  coefficient 

c   T  c    c  e 

of  the  point  c  if  c*  were  a  load  point. 

This  Justifies  the  method  of  assigning  values  of  area  assxmed  by 
non-load  i^oints  t©  other  load  points  inversely  rb   the  distance  to  those 
points. 

The  values  of  the  area  coefficients  assi^^nod  to  each  load  point  of 
the  sectors  investigated  are  tabulated  in  Tables  10  and  11.  The  area 
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coeffiolento  aro  for  a  sector  of  20  Inch  padltia  and  &  nnxltlpU cation  "by 
r  '^/^O  !■  r»q:alred  to  trnkB  then  appllcalde  to  seotori  of  other  radii* 
Tablet  10  and  11  glTO  the  area  cooffioiatitt  in  oolnon  matrix  foroi  and  for 
oonreniene*  of  notation  the  colunn  oatrlz  if  designated  [A]^wher«     '=< 
is  the  sector  a33gl9  of  tho  teat  epeolmeiu     The  arrangoraent  of  the  «3l\B3n 
natrir  corresponds  vlth  the  order  of  tho  aasociated  inflaonce  coefflciortb 
matrix* 
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n     HSnULTS  ^JD   HSCTJSSIO?! 

l^he  results  of  thla  pliass  of  tha  Inves titration  arc  tabulated  in  the 
natrlcea  of  Influence  coefficianta  In  Tablos  1  thrcju^  ?,  a?Ki  In  the 
natrtcea  of  area  coefficients  in  Ta'blaa  10  and  11.  These  results  ag 
presented  atsrly  only  to  csaatilever  sectors  of  2^  ST  almimc  alloy,  ^ 
inches  in  radius  and  if^i-  inch  thick.  The  lo&dlnt^s  niist  ^ivo  rise  to 
stresses  within  the  proportional  linit  of  the  naterial.  The  deflection 
pattern  of  aay  sector  with  the  above  dimensions  can  be  determined  by- 
proper  use  of  the  influence  and  area  coefficients.  The  nethod  of  applying 
this  data  to  specimens  '>dth  different  radius,  thickness,  or  material  con- 
stants t;rill  be  described  later. 

The  deflection  produced  by  a  concentrated  load  "P"  at  any  loading 
point  ^y   is  given  by 

v^nT  gj^j  X  10""^  (1) 

!37}ie  x^oislblo  sources  of  error  in  the  ta'nilated  inflxi-?nce  ^effi- 
cients are  J 

(l)     Jlethod  iTsed  in  neiaatirinr.?  dofloctions. 

<2)  Degree  of  fixity  at  the  "built  in"  radius. 

(3)     riethod  of  loadint?;  the  fcoat  sper.inon. 

{k)     Iraperfections  in  the  test  specinexi. 

•The  only  nethod  of  checking  the  percent  of  error  induced  by  the  netliod 
of  experinentatlon  was  to  take  repeitad  test  rcadin^js  on  various  points 
and  apply  I'vaxwell's  Keciprocal  Tlxooren  to  tho  rocultinc  data.     The  error 
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due  to  the  methods  of  louding  £md  measturing;  deflections  vtas  eatlisat^d 
to  be  i  ,5^  or    .02.  It  \i&B   beyond  the  scope  of  this  inveetlga- 
tlon  to  evaluate  the  error  induced  by  the  degree  of  fixity  and  possi- 
ble laperfectlons  In  the  naterial,  but  It  la  believed  to  be  of  th« 
sane  nagnitude  as  the  error  due  to  experinentation. 

The  deflection  at  grid  points  due  to  concentrated  loads  at  points 
other  than  loadli^  points  would  reqtiiro  interijolation.  The  accuracy 
of  the  resulting  deflection  data  wmild  depend  on  the  accuracy  of  the 
interpolation.  Graphical  interpolation  vR5uld  be  e  desirable  nethod 
of  obtaining  values  of  deflection  at  points  other  than  the  deflection 
points  used  in  this  investigation. 

■for  a  eontlnoous  shear  loading  along  the  ctixved  boundary*  the 
deflection  at  any  point  Is  given  byt 

The  following  discussion  gives  the  oethod  of  determining  the 
deflection  pattern  due  to  a  distributed  load  of  intensity  "qj"  at 
the  grid  point  "j". 

The  deflection  is  given  byl 
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VhB  equation  In  matrix  fora  isi 


LM^W^s  1»L  '^'^  w 


'o<  '  oc 


Wh«»r« 


1_  G  J        is  th«  square  natrix  of  lafluence  coefficients 

[c^J  is  the  colrxian  niatriz  of  ar^k  coefficients 

[w]  ie  the  eoltuan  oatrix  of  the  eleoenta  "w^"  of  the 

deflection 

^        is  the  sector  anel«« 

7or  sectors  of  thickness •  radii*  or  naterial  oonatants  different 
from  those  txsed  in  this  inrestigationt  the  deflections  can  be  ob- 
tained by  the  use  of  elmtieitj  relationships.   These  relationships 
are  outlined  in  the  appendix  to  this  report  (see  Referstnce  2). 

The  results  of  this  phase  ax^  tabulated  in  Tables  8a  and  8b* 
'Sim  influemoe  coefficient  for  the  shear  loading  is  desig^iated  by 
.JS***     Ttiit   corresponds  to  the  deflection  in  inches  at  "i"  due  to  1000 
ponnds  of  shear  per  inch  acting  otbt  1  inch  of  arc  at  "J".  The  influence 
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coefflclent  for  the  radial  moment  is  d09i{;nated  ^^a*     Tuts   corrocpondc 
to  the  defleotlon  at  "i"  due  to  a  1000  Inch  pound  nonent  actiiv;  over  1 
Inch  of  pjro  at  "J".  The  Influence  coefficient  for  the  concontrat cd  load 
is  designated  J^y     This  corresriondG  to  the  deflection  ct  "i"  due  to 
a  1000  pound  concentrated  load  at  "j". 

By  superposition  of  deflections,  the  deflection  pattern  of  the 
sector  can  "be  ohtalned  byi 

rl5 


^  »|^Jj  ^a  ^  -71^16  7^116^  f^^^i   mSlj  +-  -7114i6  ^^^^  +-  :\s^^^j  x  lO* 


The  Influence  coefficients  in  Tahles  8a  and  8h  are  applicahle  to  ^ 
degree  sectors  vrflth  the  folloidlne  properties: 

(a)  2^ST  aluialnuia  alloy 

(h)  Badiua  of  20  inches 

(c)  1/8  inch  thi<&. 

?or  ^5  degree  sectors  with  different  properties  fron  the  ahove, 
the  deflection  can  he  obtained  hy  using  elasticity  relatioiishlps  for 
thin  plates  (see  appendix). 

T!ie  deflections  at  6  points  on  the  free  boundary  were  coctputed  for 
three  specific  boundary  loadings.  These  botuidary  loading  are  shown  in 
Figures  6,  7»  and  8,  The  deflootions  were  calculated  by  using  equation  (5). 
These  deflection©  are  conpared  with  an  analytical  solution  obtained  by 
Mr,  M,  L,  Williams  (cf  Hef  1). 


(5) 


jfor  a  c<XJ:)ai*i3oii  of  tlio  derioctioiis  of  ths  analTtical  and  95q>oTirjental 
aolutiona  sec  51,:nros  9,  IC,   cjxA  11,     Tlie  followinii  obserTatioas  are  rjjidtj 

1.     The  rac-^^dEKia  deflect  ions  ore  of  (Creator  ■lagxiitucls  in  the  ana- 
lytical soiutioa  I'or  all  tliree  loa'iine  coni'd  iioaa. 

2#     iThe  deflections  of  aoth  solutions  arc  of  tho  sane  order  of 

nagnltude* 

3,     The  deflection  nodes  aro  totj  siniliir  .vliich  indiciites  t}iat  the 

St  res  gee  shotild  be  ia  tiood  a^eenent. 

A  preliiainary  invaptiaation  was  rx^ie  of  the  effect  of  the  tidcloiess 
of  sector  plates  on  their  stiffness.     A  oonparison  of  the  influence  co- 
efficients of  the  corres-pondine  sectors  in  Pliaae  1  and  Phase  2  is  shown 
in  Table  9»     The  radial  strips  on  tho  Plias©  2  sector  were  renoved  for  this 
litrestigation.     illasticity  roIatiozibS  show  that  the  deflections  of  plates 
of  different  thiclouess  "vary  Isnrersely  as  the  plate  stlffnoss.     If  the 
plates  have  the  sane  naterial  constants i   the  deflections  will  vary  inversely 
as  the  thickness  cubed,   (t-^).     5?he  ratio  of  the  analytical  deflection 
of  tlio  .125  Inch  plate  to  the  .251  inch  plate  is) 

Deflection  of  .12'^  T)late  ,  SLZ22l 

Deflection  of  .251  plate  i)(.l:25) 

Whore  D      s  St 


12(1-7") 

t(.i25yi  i.125 


13(«251)       .       |t(,2Jl}|"       :.        '.2^1^       =         8.12 
D(.125) 


For  the  5  points  investigated,  the  eatperinental  deflection  ratio  ^ives 
an  average  value  of  7.30. 

Tho  possible  causes  of  this  variation  arei 

1,  The  raaterlal  constants  of  two  sectors  nay  have  hoen  different. 

2.  The  I/O  inch  sector  nay  have  pemltted  a  higher  degree  of  fixity 
at  tho  "huilt  in"  radltxs. 


-I'T- 


VII     OOrGITTni'^-'l 

'?he  follo'flc,~  conclusions  am  oTvfcainod  fron  tills  lnvootl£?itiom 

1,  7h9  -use  of  influence 'coofficients  is  a  ver^  ay.tisfactoiT'  method 
of  p')t?:dnini;  noiieriil  deflection  infamation  for  oer.tilcver  sectors, 

2,  C/Orrfcrlson  of  the  dofloctlons  obtained  by  ercpGrlinQnta.1  investi- 
i^'ation  ^titli  t'.xe  derieotions  obta.ined  by  analybiciil  investigation 
indicatod  th»at  tlie  ej^crinont-al  dcflectlong  wore  less  t})an  the 
a:ial3rtioal  dofloctionfi, 

3,  l!^a^the^  deflection  in^/oGtl^;^^tions  should  be  perfomed  to  obtain 
raorc  conclusivo  results  on  tho  effect  of  r^lS'te  thicloiess  on  the 
deflection  pattern. 
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VIII    H-^o^!MT5;m'^IOss 

1.     Varloua  sectors  ghcmld  be  equipped  with  strain  gsxiges  to 
determine  the  stresses  in  the  speelnten  due  to  specific  loading 
patterns.     Those  stresses  should  he  conpared  ^ith  stresses  cal- 
culated from  the  espQrinontal  and  theorltical  deflection  data 
ohtained  in  previous  inveatifiationa. 

?..     An  esctenslre  lnvestifp.tion  should  he  raade  of  the  effect  of 
plate  thichaess  on  stiffness. 
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2.79  3.60 

3.  93  5.  22 

4.51  6.  1  1 

.44  .52 

1 .  30  I  .  50 

2.27  2.83 

3.38  4.31 

4.44  5.76 
.78  .89 

1.63  1.97 

2.61  3.  13 

3.53  4.41 
4.04  4.96 
1.02  1.  15 
1.73  2.07 

2.54  2.99 
3.31  3.92 

.97  1.10 

1 . 58  1.71 

2.11  2 .  38 

2.45  2.66 
.  1  1  .08 


.  38 


.69 


.  33 


.67 


1.  32 
-.  13 


.30 
.42 
.47 
-.22 
-.  15 
-.  26 
-.30 
-.  30 


1.05 

r.  34 

.04 

.04  -. 13 

.14  -.11 

.21  -  .09 

.26  -  .  10 

-.  53  -  .85 

-.36  -1.02 

-  .66  -1.  14 

-.73  -1  .  30 

-.49  -1.38 


1.  35 
1.92 

2.  49 
1.77 

.44 

1.  15 
1.86 
2.54 

3.  22 
.60 

1  .56 

2.  25 
2.94 
3.» 
1.09 
1.76 

2.46 

3.  12 
1  .  20 
1.76 
2.  36 
2.67 

.  24 

.66 

1.  12 

1.60 

2.02 

.23 

.  50 

.78 

1.09 

1.  21 

.  12 

.  19 

.23 

.  27 

.  31 


3.07 

4.  14 
4.6  2 

.58 
1.60 
2.75 
3.95 

5.  15 
1.06 
2.  15 
3.37 
4.54 

s.oa 

1.44 

2.46 

3. SI 

4.60 

1.57 

2.47 

3.32 

3.62 

.27 

.80 

1.  37 

2.02 

2.63 

.20 


5.88 
6.77 
.72 
2.00 
3.61 
5.43 
7.  24 
1.  30 
2.76 
4.  33 
6.08 
6.67 
1.77 
3.  13 
4.54 
5.94 
1.93 
2.98 
4.  10 
4.62 


.  27 

.87 

1.60 

2.  34 

3.04 

.  14 


.50 

.  44 

.83 

.78 

1.  18 

1.  15 

1.36 

1.  26 

-.09 

.43 

-.0  6 

.  14 

-.06 

.26 

-.02 

■5o 

-.0  3 

.47 

.78 

2.20 

4.01 

6.04 

6.24 

1.42 

2.99 

4.82 

6.72 

7.07 

1.92 

3.40 

4.98 

6.54 

2.03 

3.  27 

4.43 

4.98 

.28 

.90 

1.62 

2.44 

3.  18 

.08 

.  37 

.72 

1.03 

1.  24 

-.56 

-.68 

-.71 

.70 


.  40 

.63 

.86 

1  .08 

I.  18 


1.51 

2.  16 
2.77 

3.  10 


.54  1.  IS 

.78  1.8  3 

1  .03  2.52 

I .32  3.  1- 

.63  1.36 

1.02  1.  96 


2.63 
2.90 


1.  14 

1  .28 

.21  .34 

.44  .80 

.68  1.39 

.91  1.95 

1.15  2.  47 


.  24 


.46 


.04 


.64 


.  8f 

1.  2r 

.86       1.63 
.94       1.84 


MATRIX  OF  INFLUENCE  COEFFICIENTS* 
FOR  1^0  DEGREE  SECTOR 


Radius  -  20  inches 

Ave.  Thickness  -  .251  inches 

24  ST  Aluminum  Plate 


.  25 

.46  '.11 

.65  1.67 

.83  2.24 

1.02  2.74 


.  39 


.53 


2.8  1 
3.91 
4.88 
I  .20 
2.42 
3.65 
4.76 
5.  30 
1.73 
2.92 
4.07 
S.  20 
2.06 
3.09 

4.  16 
4.64 

.  44 
1.  19 
2.04 
2.91 
3.90 

.47 
I  .02 

1.  60 

2.  21 
2.51 

.50 


5.68 

7.46 

I  .  60 

3.  20 

5.04 

6.82 

7.79 

2.24 

3.94 

5.66 

7.43 

2.  65 

4.  10 

5.62 

6.  34 

.50 

1.44 

2.57 

3.70 

4.90 

.50 

1.  16 

1.90 

2.67 

3.02 

.  39 


.65 
1.03 


10.  15 
1.90 
4.00 

6.  38 
9.0  1 

10.  37 
2.74 
4.86 

7.  13 
9.48 
3.  20 
5.03 
6.94 
7.99 

.58 

1.67 

3.01 

4.41 

5.8  1 

.49 

1.  21 

2.04 

2.96 

3.32 

.  18 

.  26 

.42 

.53 


.73 
I.  20 
1.66 
2.09 
2.34 
1.04 
1.53 
2.04 
2.54 
1.26 
1.79 
2.  3  1 
2.34 
.  38 
.92 


2.36 
.52 

.93 
1.36 
1.80 
2.02 
.63 
.96 
1.  14 
1.  30 
1.47 


2.26 
3.26 
4.24 

4.66 
1.76 
2.92 
3.95 
4.99 
2.24 

3.  27 

4.  33 
4.84 

.57 
1.44 
2.40 
3.  38 
4.28 
.72 
1.45 
2.22 
3.00 
3.  36 
1.40 
1.  47 
1.67 
1.91 
2.  22 


'21- 


4.96 
6.65 
7.52 

2.  50 
4.26 
6.04 
7.76 

3.  13 
4.64 
6.47 
7.  30 

.70 
1.94 
3.35 
4.80 
6.21 

.92 
1.90 
2.69 
4.08 
4.66 
1.31 
1.67 
2.01 
2.  38 
2.74 


9.29 
10.5  3 
3.  16 
5.  56 
8.06 
10.73 
3.96 
6.23 
8.62 
9.79 
.84 
2.37 
4.22 
6.  13 
8.06 
1.00 
2.24 
3.62 
5.07 
5.71 
1.38 
1.74 
2.  18 
2.58 
3.07 


12.41 

3.54 
6.  11 
9.  10 
12.  13 
4.  33 
6.92 
9  £0 
10.94 
.87 
2.58 
4.56 
6.72 
8.65 

1.  12 

2.  39 
3.89 
5.43 
6.  26 
1.33 
1.79 

2.  19 
2.71 

3.  16 


1  .59 

2.40 

3.24 

4.01 

2.05 

2.90 

3.79 

4.  22 

.62 

1.52 

2.  36 

3.23 

4.07 

.88 

1.66 

2.47 

3.21 

3.66 

1.57 

1.90 

2.21 

2.54 

2.66 


3.96 
5.49 
7.05 
3.  24 
4.81 
6.42 
7.  17 
.83 
2.20 
3.72 
5.24 
6.78 
1.  17 
2.41 
3.73 
5.05 
5.72 
2.76 
2.67 
3.  22 
3.69 
4.2S 


7.95 

10.27  13.92 

4.33  5.46 

6.74  8.55 

9.  18  11.97 

10.48  13.70 

1.04  1.27 

2.87  3.47 

4.96  6.20 

7 . 24  9.15 

>.44  12.10 

l.4<  1.67 

3 . 07  3 . 70 

4.9«  6.00 

6.77  8.42 

7.78  9.56 
2.86  3.00 
3.33  3.79 
4.03  4.68 
4.68  5.44 
5.31  6.41 


2.91 

4.  15 
5.46 
6.02 
.69 
2.  2  1 
3.57 
4.91 
6.25 
1.33 
2.68 
3.91 
5.  18 
5.61 
2.74 
3.29 
3.86 
4.  40 
4.98 


6.  37 
8.  46 
9.56 
1.28 
3.05 
5.  18 
7.43 
9.61 
1.76 
3.66 
5.70 
7.71 
8.86 
3.74 
4.58 
5.40 
6.34 
7.  14 


1  1.90 

13.  36 

1.42 

3.86 

6.  62 
9.98 

13.25 
2.  16 
4.58 

7.  33 
10.  30 
1  1.70 

4.53 
5.66 
6.66 
7.  99 
9.24 


15.  36 

I. S3 

4.32 

7.52 

11.15 

14.97 

3.26 

4.98 

8.14 

11.43 

12.85 

4.92 

6    .19 

7.  47 

8.89 

10.  19 


.44 
.80 
1.  15 
1.46 
1.76 
.64 
1.03 
1.  37 
1.76 
1.95 
1.22 
1.36 
1  .56 
1.74 
1.90 


1.91 
2.90 
3.84 
4.77 

1.  34 

2.  43 

3.  46 
4.46 
5.02 
2.81 

s.sa 

3.79 
4.29 
4.62 


OEG.     IN.  15/6        15/10     15/14     15/20    30/12    30^16     30/20    45/6       45/10    45/14    45/18  45/20      60/8       60/12    60/I6    60/20    75/10    75/14        '5/18    75/20    90/4       90.  «       90/12    90/16    90/10     105/6    105/10105/14105/16  105/20  120/6     120/12120/16120/20  135/10  135/14135/18  135/20150/4    150/6 


TABLE    1 


4.80 
6.62 
8.44 
I  .88 
3.80 
5.70 
7.67 
8.  47 

4.  30 

5.  20 

6.  14 
7.01 
7.94 


9.58 
12.45 
2.41 
5.03 
7.97 
10.95 
12.26 
5.64 
7.05 
6.  36 
9.  30 
11.13 


16.77 
2.91 
6.26 
10.05 
14.  16 
16.41 
6.68 
6.64 
10.50 
13.30 
14.32 


1.11 

1.62  3.47 

2.44  4.94  7.53 

3.06  6. 30  10.  13 

3.34  6.95  11.24 

2.26  4.29  6.17 

2.62  5.06  7.62 

2.93  5.74  8.69 

3.  22  6.55  10.  18 

3.54  7.30  1  l.Sl 


13.95 

15.94  16.31 

7.66  6.68  6.00 

9.66  10.67  7.05      6.54 

11.61  13.24  8.04    10.00     I  1.87 

13.84  15.64  9.01     11.32    13.56    15.67 

15.90  18.10  10.06    12.58     15.32    17.99    21.06 


150/12150/16150/20  165/  i  1  «  i  10  169/ 14  16  5/ 18165/ 20,180/ I  2^60/ 14,180/ 1  6^60/  18,160/20 


-2  3- 


10 

u 

20 

30       12 

16 

20 

45  « 


16 
20 
10 
14 
IS 
20 


.01 
.03 
.03 
.04 
.03 
OS 
.06 
.07 


.02 
.05 
.08 


.  13 
.04 


.09 
.  12 


.05 
.06 


.08 
.08 


.05 
.04 
.03 
.09 
.  10 
.  II 
.04 
.09 
.  13 
.  16 
.17 
.08 
.  13 
.  17 


.21 

.23 


.08 
.  13 


.04 
.09 
.13 
.  17 


.08 
.  12 


.04 
.05 
.06 
.07 
.09 
.  I  1 


.  10 
.  12 
.  13 
.  21 
.28 
.04 
.  1  1 
.22 
.31 
96 
.09 


.38 
.  13 
.23 
.29 
.36 
.02 
.08 


.  22 
.25 


0 
0 
.01 


.05 
.06 
.06 


.50 
.  15 
.  36 
.65 
.04 
.  12 


.62 
.08 
.20 
.35 
.52 
.  12 
.23 
.34 
.42 
.00 


.20 
.  29 


.  16 
.02 


.08 
.08 
.08 


.31 
.42 
.48 
.  14 
.34 
.55 


.  29 
.54 


.98 
.43 


.92 
1.04 


.30 
.53 


.  36 

.56 
.'7 
.86 


.51 
.67 
.03 
.07 
.  II 
.  16 
.21 
.26 
.  32 


1.02 

.  16 

.43 

.82 

I  .  25 

I  .44 

.  35 

.72 

I.  15 

1.54 

.54 

.89 

1.  30 

1.51 

.  10 

.34 

.67 

1.00 

1.  28 

.  17 

.40 


.  36 

.55 
.75 


.  10 
.  15 
.  21 
.26 
.32 
.  33 


1.82 

.  17 

.48 

1.02 

1.74 

2.  12 

.38 

.84 

I  .53 

2.05 


.46 


56 

.58  .40 

1.04  .52 

I. 59       0.64 
1.86  .74 


.09 
.  34 
.68 

1.09 

I  .48 
.  14 
.36 
.63 
.94 

1.09 
.  12 
.  26 
.45 
.65 

-.03 


.  15 


.66 

.83 


.72 

.  84 
.  30 


.08 
.  15 


.91 
.70 
.86 


1.05 

I  .33 

.73 

1.06 

1.40 

1.60 

.  18 

.53 

.92 

I  .26 

1.62 

.34 

.  70 

1  .03 

1.  40 

1.57 

.40 

.74 

1.04 

1.32 

.08 

.  17 

.  30 

.40 

.52 

.65 

.76 

.90 

1.01 


1.  18 

1.64  2.54 

1.84  1.02 

.65  0.75 

1.22  1.57 

1.80  2.5  3 

2 .  38  3.53 
1.01  I . 26 
1.62  2.15 
2.25  3. II 
2.58  3.25 

.25  0.26 

.72  0.86 

1.30  1.62 


1.92 
2,46 


2.44 

3.  28 

.42  0.44 

.90  1.0  3 

1.42  1.72 

1.94  2 . 37 

2.20  2.72 

.52  0.52 

.90  1.00 

I . 35  1.52 

1 .76  2.  10 

.10  0.05 

.20  0.  14 

.28  0 .  1« 

.45  0.40 

.60  0.54 

.76  0.7  1 

.88  0.88 

1.02  t.oo 

I  .1   7  1.17 


3.69 

.82 

1.73 

2.89 

4.  14 

1.96 

2.36 

3.  50 

4.02 

.26 

.88 

1.74 

2.69 

3.62 

.45 

1.06 

1.80 

c.sa 

2.97 

.50 

1.02 

I  .57 

2.  14 

.02 

.  10 


.58 

.82 

1.06 

1.  27 

.66 

I.  18 

1  .52 

1.67 

.28 

.69 

1.  14 

1  .52 

1.87 

.49 

.92 

1  .  34 

1.74 

1  .90 


1.01 
1  .  16 


1  .05 

1.  44 

1.82 

.  17 

.33 

.51 

.68 

.86 

1.08 

I.  22 

1.40 

1.56 


1.43 
2.02 
2.54 
1.34 
2.07 
2.73 
3.  17 

.96 
1  .04 
1.81 
2.60 
3.  30 

.66 

1.  34 

2.  10 
2.86 
3.25 

.83 

1  .  47 

2.  20 

2.82 

.  39 

.  37 

.63 

.86 

1.14 

1.43 

1.67 

1.96 

2.  22 


3.08 
4.  12 
1.80 
2.96 
4.  20 
4.64 
.44 
1.  34 
2.48 
3.66 
4.82 
.80 
1.76 
2.63 
3.87 
4.44 
1  .02 
1  .87 
2.80 
3.68 
.20 
.  43 
.70 
1.00 
1  .  32 
1.68 
1.98 
2.  34 
2.73 


5.88 
2.19 
3.78 
5.60 
6.51 

.49 
1.56 
2.99 
4.  60 
6.  29 

.  90 
2.06 
3.41 
4.85 
5.51 
I  .  1  I 

2.  15 

3.  28 
4.43 

.  17 
.  38 
.68 
1  .00 
1  .  39 
1.78 
2.  16 
2.60 
3.02 


1.44 
2.06 
2.66 
2.97 

.46 
1.22 
2.00 
2.76 
3.46 
.84 
1.66 
2.51 
3.  28 
3.66 
1.14 
3.95 
2.74 
3.49 
.31 
.62 
.96 
1.28 
1.64 
2.04 
2.34 
2.70 
3.05 


3.26 
4.40 
4.98 
.59 
1.68 
2.97 
4.  30 
5.57 
1.11 
2.  30 
3.66 
4.98 
5.62 
1  .52 
2.72 
3.94 
5  .12 
.  40 
.77 
1.20 
1.69 

2.  18 
2.72 

3.  2? 
3.76 

4.  24 


1 


6.35 
7.25 

3.72 
2.  10 
3.S5 
5.86 
7.86 
1.34 
2.90 
4.74 
6.68 
7.72 

j  3.34 
S.OO 
6.72 
0.  42 
0.63 
1.36 
1.96 
2.60 
3.26 
3.94 
4.60 
5.27 


8.45 

.76 

2.33 

4.  35 
6.74 
9.06 
1  .44 
3.  23 

5.  28 
7.47 

a  60 
1.97 
3.70 
5.56 
7.44 
.  42 
.87 
1.42 
2.04 
2.76 
3.  b  1 
4.24 
4.98 
5.78 


.49 

.68 

.86 

1.02 

.44 


1.12 

1.  22 

.  60 

.85 

1.11 

1  .  30 

.  26 


1.02 
1.12 
1.  22 
I.  37 


1.  18 
1.78 
2.37 
2.95 

.92 
1.63 

2.  32 
3.05 

3.  36 
1.  26 
2.03 
2.76 
3.50 

.  43 

.76 

I.  16 

1.  51 
1.96 

2.  27 

2.  26 
3.00 

3.  34 


MATRIX  OP  INFLUENCE  COEFFICIENTS' 
FOR  135  DEGREE  SECTOR 


Radius  -  20  inches 

Ave.  thickness  -  .251  Inches 

24  ST  Aluminum  Plate 


3.07 

4.  20 

5.  36 
1.  29 
2.58 
3.92 
5.22 

5.94 
1.64 

3.  24 

5.88 
.52 
1  .04 
1.60 
2.  22 
2.86 
3.53 

4.  13 
4.70 

5.  38 


6.24 

8.  14 
1.66 
3.52 
5.52 
7.61 
8.70 
2.  38 
4.  37 
6.  38 
8.  34 
.64 
1  .  26 
2.00 
2.84 
3.71 
4.58 
5.46 
6.  38 
7.29 


11.13 
1.97 

4.  28 
7.  10 

10,0  1 

1  1.50 
2.85 

5.  3<l 
7.96 

10.78 

.70 

1.42 

3.  20 

3.  29 

4.  37 
5.54 
6.72 
7.90 
9.  10 


1.  30 
1.7  1 
2.24 
2.42 
1  .  16 
1  .7( 

2.  23 
2.70 

.46 
.81 
1.  16 
1.42 
1.76 
2.00 
2.28 
2.58 
2.78 


2.48 
3.57 
4.64 

5.  16 
1.94 
3.2S 
4.48 
5.62 
.  65 
1.  23 
1.65 
2    48 

3.  13 
3.82 

4.  44 
5.03 
5.64 


5.62 

7.42  10.38 

8.38  ll.ftfl  13.70 

2.73  3.40  3.70  1,81 

4.74  6.  14  6.77  2.70  4.6 1 

6.80  9.24  10.36  3.59  6.16  9.18 

8.64  12.26  13.87  4.38  7.98  11.89     16.28 

.64  0.97  1.23  .70  .92  1.18        1.36          .49 

1.65  1.92  2.06  1.28  1.74  2.20       2.62          .70       1.14 

2.52  3.02  3.30  1.85  2.70  3.50       4.17          .85       1.50       2.15 

3.48  4.32  4.68  2.42  3.64  4.91       5.93          .98        1.80       2.70       3.50 

4.52  5.70  6.25  2.90  4.69  6.38       7.95       1.13       1.90       3.22       4.26       5.42 

5.50  7.05  7.84  3.43  5.72  7.91       9.94       1.27       2.34       3,65      4.99       6.40       7.80 

6.48  8.46  9.53  3.34  6.58  7.38     11.98       1.38       2.63       4.04      5.62      7.30      9.00    10.74 

7.48  10.00  11.16  4.30  7.56  10.90     14.16       1.52       2.82       4.44       6.31       8.10     10.17    12.36     14.40 

8.56  11.54  12.82  4.72  8.44  12.36     16.41       1.59       3.07       4.86       6.97       9.06     11.62    14.04    16.66     19.21 


DEG.     IN.  15/6        15/10     15/14     l5/2f.    90/12    30/16    30/20    45/6       45/10    45/14    45/ IE     45/20     60/8      60/12    60/lf    60.20    75/10    75/14    J     75/18    75/20    90/4      90/8      90/12    90/16.90/20     105/6     105/10,105/14,105/18,105/20     120/8,120/12,120/16,120/20,135/4     135/6     135/8     135/10,135/12,135/14,135/16,135/18  135^20 

•      (Inches   deflection   per   pound)      xio' 
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i    = 

45®  /  12« 

1    =  ' 

i6«>  /  le" 

1    = 

45®  /  18^  ' 

s 

J 

v^lj 

m^lj 

Aj 

a^lj 

Aj 

a^lj 

1.0 

1 

12.20 

-.39 

24.20 

-1.29 

32.60 

-2.24 

1.0 

2 

10.96 

-.33 

22.10 

-1.17 

a9.65 

-2.08 

1.0 

3 

9.80 

-.28 

19.90 

-1.06 

26.75 

-1.88 

1.0 

4 

8.60 

-.22 

17.60 

-  .94 

23.80 

-1.66 

1.0 

5 

7.32 

-.17 

15.35 

-  .80 

20.80 

-1.43 

1.0 

6 

6.16 

-.11 

13.10 

-   .63 

17.76 

-1.20 

1.0 

7 

5.10 

-.07 

10.90 

-   .48 

14.85 

-  .98 

1.0 

8 

4.10 

-.02 

8.95 

-   .36 

12.10 

-  ,76 

1.0 

9 

3.15 

+.02 

7.00 

-   .24 

9.60 

-   .53 

1.0 

10 

2.30 

•♦-.07 

6.20 

-   .12 

7.22 

-  .36 

1.0 

11 

1.60 

•h.lO 

3.66 

+   .01 

6.18 

-  .18 

1.0 

12 

1.00 

f.U 

2.40 

+   .08 

3.40 

-  .02 

1.0 

13 

.60 

-►.10 

1.50 

4   .12 

2.05 

+  .08 

1.0 

14 

.15 

•♦•.09 

.63 

+   .13 

.90 

+  .11 

1.0 

15 

.01 

+  .06 

.18 

+  .10 

.29 

+  .10 

0.7 

t 

16 

.00 

+.02 

.00 

+  .05 

.01 

+  .05 

C*iJ  a 

12.57 

c«lj  *= 

25.16 

0«1J  ' 

33.55 

j  «  45°  /  20'' 

j  -  46 

^  /  20" 

j  =»  46' 

'  /  20- 

7able  8a 
Influence  Coefficients 
v^lJ  "(j'^ches  Deflection/Pound  J  10^ 
B^ll  "L'^^®^*'  Deflection/Inch  Pound  j  10^ 
g.  .  ^(^Inches  Deflection/Found  \  10^ 

Sector  Angle  »  46®.  t  »  l/6  Inches,     Badlua  «  20  Inches 
Material— 24  ST  Aluminum  AII07 


>1 


^   •'''^16)  nA(16)  *  V; 


IJ 


10^ 


-30- 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.7 


1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 


46®/20' 


Aj 


Aj 


40.25 

36.70 

33.05 

29.37 

25.70 

22.05 

18.60 

15.35 

12,05 

9.00 

6.42 

4.30 

2.60 

1.25 

.40 

.OX 


-3.92 
-3.48 

-3.02 
-2,58 
-^.14 
-1.76 
-1.40 
-1.07 

-  .78 

-  .51 

-  .28 

-  .10 
.04 
.12 
.12 
.05 


30**/20« 


Aj 


35.00 
32.70 

30.10 

27.25 

24.20 

21.10 

18.00 

14.95 

11.90 

9.00 

6.50 

4.50 

2.90 

1,20 

.35 

.01 


a^lj 


-3.43 
-3.27 
-2.98 

-2.62 

-1.87 
-1.64 
-1.22 

-  .92 

-  .64 

-  .40 

-  .18 
.00 
.10 
.10 
.04 


ggj^  =  42.05  ^j  «  35.88 

J  =  46°  /  20««  j  «  45**   /  20* 


T*^iJ 


40**/20» 


nhi 


22.90 
22.15 
21.25 

30.  id 

19.05 

17.40 

15.40 

13.20 

10,90 

8.60 

6.45 

4.60 

2.60 

1.20 

.55 

.01 


-2.24 
-2.20 
-2.17 
-2.16 
-2.16 
-2.07 
-1.76 
-1.44 
-1.15 

-  .80 

-  .61 

-  .34 

-  .U 
.02 
.08 
.07 


C«1J  «  23.15 
j  «  45**  /  20« 


Tlable  8b 
Influence  Coefficienta 
t^,  «[lnchaa  Deflection/Poimd  ]   10^ 
^^.  »[lnch»s  Deflection/ Inch  Pound]    lO'' 
g      =  [inches  Deflectlon/Pound   [  10 

Sector  Angle  =  45^/20*,         t  »  1/8  Inches,         Badius 


20  Inches 


rl5  15 

^lJ=l|^^j)  Ar-"^16)T«1(16)*    ^«U)Aj     " 


>1 


>1 


^••^'^16)  A(16)*  Vl,    h^ 


<rii 


10^ 


-3  1- 


Load 
at 


45®/X6«»   45®/l8«   46*/20»   SO^/SO"   15»/20" 


Meter 


48^/30^ 
30^/20* 
16®/20* 


•  lyifXmnxee  Ooefficlenta  .125  inch  Seotor 
Influeaee  Coefficient   .251  inch  Sector 


TABLE  9 
2ffeet  of  fhicknese 
on  Stiffnosa 


O^  ' 


B«g./In. 

^180** 

Deg./In. 

^35^ 

Deg./In, 

^90** 

16/6 

5.5860 

15/6 

5.5860 

15/6 

5.5860 

15/10 

10.4720 

15/10 

10.4720 

15/10 

10.4720 

16/14 

14.6608 

15/14 

14.6608 

15/14 

14.6608 

15/20 

0.0000 

15/30 

0.0000 

16/20 

0.0000 

30/12 

19.7604 

30/12 

19.7004 

30/12 

19.7804 

30/16 

21.4672 

30/16 

21.4672 

30/16 

21.4672 

30/20 

14.1368 

30/20 

14.1368 

30/20 

14.1368 

45/6 

5.5850 

46/6 

5.5850 

46/6 

5.5850 

45/10 

10.4720 

45/10 

10.4720 

45/10 

10.4720 

45/14 

14.6608 

45/14 

14.6608 

45/14 

14.6608 

45/18 

18.8491 

46/18 

18.8491 

45/18 

18.8491 

46/20 

0.0000 

46/20 

0,0000 

45/20 

0,0000 

60/8 

13.0560 

60/8 

1.3.0550 

60/8 

13,0550 

60/12 

12.5664 

60/12 

12.5664 

60/13 

12,5564 

60/16 

16.7650 

60/16 

16.7550 

60/16 

16.7550 

60/20 

9.4246 

60/20 

9.4246 

60/20 

9.4^46 

75/10 

10.4720 

75/10 

10.4730 

75/10 

10.4720 

75/14 

14.66C8 

75/14 

14.6608 

75/14 

14,6608 

75/18 

18.8491 

75/18 

18.8491 

75/18 

18,8491 

75/20 

0.0000 

75/20 

0.0000 

75/20 

0,0000 

90/4 

5.4454 

90/4 

5.4454 

90/4 

3.3510 

90/8 

10.6814 

90/8 

10.6814 

90/6 

0.0000 

90/12 

12.5664 

90/12 

12.5664 

90/8 

5.9690 

90/16 

16.7550 

90/16 

16,7560 

90/10 

0,0000 

90/20 

9.4246 

90/20 

9.4246 

90/12 

6.2832 

105/6 

6.2832 

105/6 

6.2832 

90/14 

0,0000 

105/10 

10.4720 

105/10 

10.4720 

90/16 

8,3776 

105/14 

14.6608 

105/14 

14.6608 

90/18 

0.0000 

105/18 

18.8491 

105/18 

16.8491 

90/20 

4.1733 

120/8 
120/12 

13.4041 
12.6664 

120/8 
120/12 

10.8909 
,  12.5664 

120/16 

16.7560 

120/16 

16.7550 

120/20 

9.4246 

120/20 

9.4246 

135/8 

10.4720 

135/4 

1.6756 

• 

135/12 

14.6608 

135/6 

0.0000 

135/16 

18.8491 

135/8 

4.2935 

136/20 

0.0000 

135/10 

0,0000 

150/4 

5.4454 

135/12 

6.2832 

150/8 

10.6814 

135/14 

0.0000 

150/12 

12.5664 

136/16 

8.3775 

150/16 

16.7550 

135/18 

0.0000 

150/20 
165/6 

9.4246 

135/20 

4.7123 

6.2832 

165/10 

10.4720 

Txsa 

[iS  10 

165/14 

14.5608 

!   165/18 

18.8491 

COLUMN  MATHICZS  OF  j 

\HSA  CO]fiFFIClESTS^ 

165/20 

0.0000 

P( 

DH 

180/12 

10.1230 

SECTORS  OF  20  ! 

[MCH  EADIUS 

180/14 

0.0000 

180/16 

8.3775 

♦iHcmas^  i 

(   POIHT 

180/18 

0.0000 

180/20 

4.7123 
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Beg. 

In. 

^5* 

Deg. 

In. 

i 
^«  1 

D«g. 

In. 

A45O 

15 

6 

5.5850 

16 

6 

5.5860 

7.5 

30 

1.9897 

16 

10 

10.4720 

15 

10 

10.4720 

15 

6 

8.1214 

16 

14 

14.6608 

16 

14 

14.6608 

15 

10 

10.2427 

15 

20 

0.0000 

20 

20 

0.0000 

15 

14 

10.4720 

30 

12 

19.7804 

30 

12 

19.7804 

15 

16 

8.3776 

30 

16 

21.4672 

30 

16 

21.4672 

15 

18 

8.4300 

30 

30 

14.1368 

30 

20 

14.1368 

16 

20 

3.9794 

45 

6 

5.5850 

46 

6 

5.5850 

22.5 

20 

1.9897 

45 

10 

10.4720 

45 

10 

10.4720 

30 

8 

7.3396 

45 

14 

14.6608 

45 

14 

14.6608 

30 

12 

8.9010 

45 

18 

18.8491 

46 

18 

18.8491 

30 

14 

7.3304 

45 

20 

0.0000 

46 

20 

0.0000 

30 

16 

8.3776 

60 

8 

10.5418 

60 

4 

0.0000 

30 

18 

8.4300 

60 

12 

12.5664 

60 

6 

0.0000 

30 

20 

3.9794 

60 

16 

16.7650 

60 

8 

5.4105 

37.5 

20 

1.9897 

60 

20 

9.4246 

60 

10 

0.0000 

45 

4 

3.1027 

76 

14 

1.6755 

60 

12 

6.2832 

45 

6 

2.9125 

75 

6 

0.0000 

60 

14 

0,0000 

45 

6 

2.0944 

75 

8 

4.2936 

60 

16 

8.3775 

46 

10 

2.6170 

75 

10 

0.0000 

60 

18 

0.0000 

45 

12 

3.1416 

75 

12 

6.2832 

60 

20 

4.7123 

45 

14 

3.6652 

75 

75 

14 
16 

0.0000 
8.3776 

45 
46 

16 
18 

4.1888 
4.2150 

75 

18 

0.0000 

46 

20 

1.9897 

75 

20 

4.7123 

ZABLS  11 
Coloian  Matrices  of  Area  Coeffiolentt* 

for 
Sectors  of  30  Inch  Badiae 
•Inches^  /  Point 
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Figure  3 
Arrantjement  for  securing  specimen 
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1.  Concontratad  load. 

w        s    "nsflecticn  in  Inches  at  "i". 

P.       z    Concentrated  load  in  n<yundg  at  "'J". 
J 

f!.  .     r    Influence  coefficient,  inchea/lOOO  poujada. 

-     [inches  deflection  at  "i"  -par  -nound  at  "j"  [  %  10"^, 

Sj^     r     "^  ^11  (Phase  1)  1,2 

^ij     -     -^^^  ''ij  (Phase  2)  1,3 

2.  Shear  loading  along  curved  boiindary, 
W|  s  Deflection  In  inches  at  "1". 
?.      a    Shear  in  pounds/inch  near  "j". 

g..  s    Influence  coefficient  in  indiea/lOOO  pounds. 

Z    [inches  deflection  at  "i"  per  pound  near  "j*       x  10 
8         s    Botindary  lenfrth  of  elenent  near  "J". 

^J  ">     «[^j  vSij]=^l«'^  2.1 

For  V.  5  10  pounds/ inch 

■   -  1  inch 

^ij  =  v^ij  ""^^'^  2-2 

^'  v^ij  «  ^J  *  ^^^ 

It  can  "be  seen  that  the  Influence  coefficient  is  independent 

of  s«   no  the  strip  nanber  l6  is  covered  by  (2.2).       S  -  7I 

Inches  for  atrip  l6y« 


3 


!Ry  snparpositlon  of  deflections 
15  . 


-3  ,   rri  V    »     -  10-3 


Jal 

3.  Radial  nonents  aloiv;  curved  houndarles. 
v^   3  Deflection  in  inches  at  "i", 
11.   s  Hadial  nonont  in  inoh  rxninds/lnoh  near  "J". 

n    ^.9  inch  »ounds/lnch.   (Phase  2) 
j^^.  ■  Influence  coefficient  in  Inches  deflection  per  1000 
inch  pounds, 
Z    /llnches  deflection  at  "i"  per  pound  near  *y   ]  x  lO"'. 
•    =  Boundary  length  of  element  near  "j". 

Por  a  10, if  pound  load  ^,8  inches  fron  tli©  root  of  the  radial 
strips  the  deflection  is  detemined  ftront 

^ij  »  '^^J  ^ij  -^  ^  in«lj^   *  ^"^         3-^ 
For  the  strip  with  a  ,71  inch  root 

Prraa  the  ahov©  eqttatlon 
oeij  -  Vjj  X  3i)3  -  lO.^veij  3.2 

The  fttllowing  is  a  dlscnaslon  of  the  probl^a  of  detemining  the 
deflection  pattern  of  sectors  'olth  radii,  tbiclcnoss,  and  material  constants 
different  fron  those  of  the  sectors  used  in  this  investigation. 

The  Iwiding  and  deflection  points  on  the  new  sector  are  located  In 
the  sane  geometric  position  as  they  are  on  the  sector  used  in  this  inves- 
tigatioa.  The  grid  on  the  new  sector  will  be  15  degrees  hy  r^.  Where 
"r^"  is  the  radius  of  the  sector  and  "r"  is  the  radius  of  the  loading 


or  deflection  i>olnt,     Tlie  vi\l\iQ  of  r^  for  the  n©w  sector  la  eqtial  to  r^ 
for  the  corresrondine  cnctor  In  this  inrefjtls&tloiu 

The  dQf?t action  cf  a  sector  varies  Inrorsely  as  the  plata  stiffness 
(r)  and  directly  as  sorao  pov:er  of  tae  radi'is. 

The  use  of  di:aenslortil  analysis  will  glvo  th©  ratio  of  the  loadlags 
and  the  radius  necessary  to  use  with  the  deflection  data  presented  and 
produce  accurate  results. 

Elasticity  relationships  may  "be  used  with  the  data  presented  in  this 
inresti^tion  to  atr;roxinato  defleetlon  patterns  of  sectors  with  radii* 
thiclmesSf  and  material  constants  different  from  the  sectors  surreyed  in 
this  inrestl^tion  if  the  deflection  node  is  expressed  as  a  function  of 
the  radius. 

The  defloction  node  for  loading  conditions  tisod  in  this  inresti* 
Sation  can  be  obtained  frota  the  data  presented  in  the  tables.     Using 
this  deflection  node  an  e^jreasion  of  tho  deflection  In  terns  of  the 
radius  can  bo  cbtainad*     The  doflection  of  Ihe  new  sector  becomesi 


w/     av^     -f(Iil)"  D«        Bt^ 


') 

The  accuracy  of  the  deflection  (w»)  depends  on  how  closely  the 
defloction  node  of  the  sector  u«ed  in  this  investioation  can  be  approxinated. 

It  is  left  to  the  reader  to  detemino  and  derrelop  the  netliod  used  in 
the  deflection  survey  of  any  sector  of  different  radiust  thickness,  and 
material  constants  from  those  of  the  sectors  in  this  investigation. 
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